The literature on the health economics of smoking presents two principal facts: (1) that smoking increases health care costs and (2) that restrictions on smoking lead to reductions in smoking prevalence and intensity. Some researchers have hypothesized that these two facts, in combination, allow the inference that restricting smoking will lower health care costs. For various reasons, however, observed associations between smoking and health care use on the one hand, and regulations and smoking on the other, do not imply a causal effect of the restrictions on health care. 
I. Introduction
Three results dominate the health economics literature on the causes and consequences of smoking: (1) increased excise taxes and other restrictions reduce smoking, (2) increases in smoking lead to a deterioration in health, and (3) this deterioration in health leads to higher health care costs. One of the most notable recent health policy events, the multibillion dollar settlement between state attorneys general and the major tobacco companies, is a direct consequence of these higher health care costs.
The liability settlement is only the most recent attempt by government to intervene in the market for smoking. Governments have implemented information policies, such as the 1956 report by the British Health Service and the 1964 U.S. Surgeon General's Report on the link between smoking and lung cancer, as well as the 1970 broadcast advertising ban. Tax policy has been a frequent tool in government attempts to limit smoking. Policies have also tried to limit smoking more directly through smoking bans in state and federal buildings, in addition to bans in certain private establishments.
Such government restrictions stem from two motivations. First, as a revenue-generating device, tobacco excise taxes can be particularly effective, as smoking demand is relatively inelastic. Tobacco tax revenues, at least ostensibly, can then be targeted to nance the greater health care costs due to smoking. Second, some of the effects of smoking are external. The most obvious of these are the excess health insurance premiums paid by nonsmokers. Less obvious are the effects due to the decreased longevity of smokers. Tax revenues are lost due to premature mortality that would otherwise help fund public programs. These losses are offset by reduced withdrawals from public programs. More controversial are the potential external costs to the unborn and the health costs of secondhand smoke at home and in public places.
Interest in understanding the costs of smoking should extend beyond these concerns. As a health policy tool, taxes and other restrictions should be viewed by public of cials as not only a revenue-generating device but also as a deterrent. Higher taxes can deter youths from starting to smoke and encourage current smokers to quit or reduce their cigarette consumption. Proper quanti cation of these effects is also important, lest overstatement of the costs leads to policies that unduly penalize smokers.
Smoking costs are of interest to a broader constituency than just government policy makers. Employers, insurance providers, regulators, smokers, and nonsmokers of all ages are potentially affected by smoking, and thus by regulatory interventions aimed at altering smoking practices. A full balancing of the costs and bene ts of tobacco regulatory interventions requires recognition of these many facets and sound estimates of their magnitudes. These magnitudes, and their interpretation, provide the focus for this article.
One particular question that arises from the smoking literature is: If government regulations decrease smoking, will the economic costs of smoking decline? Some analysts have combined estimates of the effects of regulations on smoking and estimates of the effects of smoking on 32 Moore and Hughes health care costs to conclude that smoking regulations do reduce the economic cost of smoking. Such an inference is, however, premature at least. For various reasons that we explain below, observed associations between regulation and smoking, on the one hand, and smoking and its economic costs on the other, do not imply that more stringent regulation will lead to lower costs. In this study, we provide the rst direct estimates of the effects of smoking regulations, in particular, cigarette excise taxes, on the economic costs of smoking. The outcomes studied here include hospitalizations and their duration, physician visits, and lost worktime. The issues that we address are more generally relevant to other aspects of the smoking-health cost nexus as well, and we offer comments on these aspects of the problem too.
The implications of these issues and of the results described below are substantial. Earlier studies (see Harris 1987, and Warner 1986) have inferred a direct effect of regulations on health care costs from disparate studies, rather than estimating it directly in a single dataset. Such a procedure potentially misstates the net bene ts of any intervention. Interpreting the observed associations between regulations and smoking and between smoking and health care as causal, when in fact they might re ect other underlying mechanisms, will lead to mistaken inferences. Making health and regulatory policy on the basis of such inferences will do more economic harm than good.
II. Literature Review

Smoking, Health, and Health Care Costs
Considerable empirical evidence documents the effects of smoking on health. The Surgeon General's Reports on the Health Consequences of Smoking (USDHHS, various years), for example, provide compelling evidence that smoking increases mortality due to heart disease, cancer, and chronic obstructive pulmonary diseases. Mortality increases with quantity smoked and the length of smoking career. It increases with tar and nicotine levels and interacts positively with alcohol consumption. It decreases following cessation or reductions in quantity smoked, particularly among healthy quitters.
Smoking exhibits similar effects on morbidity. One highly in uential study, by economist Willard Manning and his colleagues (1993), concludes that smoking (and also excess alcohol consumption and a sedentary lifestyle) increases excess, or external, health care costs dramatically. Despite this nding, the Manning et al. study concluded that the cigarette excise taxes were at about the proper level, at least from the perspective of social welfare maximization. Manning et al. also concluded that alcohol taxes were quite low relative to their socially optimal level. Perhaps the most surprising nding in the Manning study is that the excess health care costs of smoking paid by nonsmokers are almost exactly offset by a transfer of wealth from smokers to nonsmokers. This transfer is comprised of the pension benets of smokers that go uncollected due to smokers' reduced longevity. 1
Smoking Taxes, and Other Restrictions
A similarly extensive literature documents the effects of price and/or tax increases on tobacco consumption. 2 This literature clearly indicates that tobacco consumption responds inelastically to price increases. Grossman (1989) observes that much of the reduction in aggregate smoking results from quits. A 5 percent reduction in total smoking by pack-a-day smokers implies, at one extreme, a reduction in smoking of 1 cigarette per person per day. It is also consistent, however, with ve out of every 100 pack-a-day smokers quitting entirely, while the remaining 95 are unaffected. The latter response is more likely to result in measurable health effects, as small reductions in smoking by large numbers of smokers are unlikely to have a signi cant effect on health outcomes. On the other hand, quits by otherwise healthy smokers lead to immediate improvements in smoking-related mortality. The stylized fact in the literature, at this point, is that roughly half of the reduction in smoking due to price and tax increases is due to quits, and the remainder is due to reduced smoking by current smokers. A second broad conclusion from the literature is that the effects of higher prices and taxes are much stronger among younger people, both in terms of smoking prevalence as well as smoking intensity. Because about 90 percent of people decide whether ever to smoke by age 25, the participation effects of interventions on smoking initiation are felt almost exclusively among young people.
Regulations and Health
Evidence on the relationship between regulatory interventions and health outcomes is mixed. Cook and Tauchen (1982) and Moore (1996) 
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Moore and Hughes nd statistically signi cant reductions in chronic effects of alcohol and tobacco consumption in reduced form estimates of tax-mortality regressions. Evans and Ringel (1999) nd that tobacco tax increases lead to a small but statistically signi cant increase in birthweight.
On the other hand, considerable evidence indicates that regulations can lead to unexpected and sometimes adverse health outcomes. Some of the most notable results include Viscusi's (1984) nding that protective safety cap regulations lead to more accidental poisonings and Peltzman's (1975) nding that automobile safety regulations lead to increases in certain types of accidents. 3 On the issue of smoking, Evans and Farrelly (1998) document a statistically signi cant substitution toward higher tar content in cigarettes as taxes increase.
The effect of smoking regulations on health care utilization and other outcomes depends crucially on individuals' response to the changed incentives. Substitutions toward more dangerous substances (other drugs, stronger cigarettes) would reduce the regulation's impact. If demand for smoking is most inelastic among those most at risk for disease, regulatory interventions may yield little observable response in health care utilization. The trend toward certain smoke-free or smoke-friendly environments may have little effect other than sorting and self-selection by workers and customers.
Estimation of the causal effect of regulations presents related problems. Unobservables such as differences in the rate of time preference among individuals and unobserved health shocks that result in reverse causation between smoking and health care utilization confound the empirical analysis of smoking and health care. Sorting in the labor and health care markets, and mismatches between affected populations in empirical models of smoking and regulation, and of health care and smoking, can also present dif culties for the empirical estimation. Estimates of the effect of regulations on smoking are also confounded by regulatory variables that are correlated with both the intervention and with smoking. In assessing the effects of, for example, an excise tax increase, other state-level interventions, such as information campaigns or bans on smoking in public places, must be controlled to identify the tax effect. Likewise, environmental factors, including the local culture, age composition, the importance of smoking to the local economy, and the local unemployment rate, might be correlated with both individual cigarette consumption and with the stringency of regulations. Finally, in assessing the effects of company-level policies such as workplace smoking bans, account must be taken of factors such as companywide smoking prevalence and other company policies that might affect both smoking behavior and the prevalence of smoking bans. The remainder of the article seeks to provide some perspective on these issues. The next section discusses the economic issues in more detail. Following that, the data used in this study and the empirical results are presented. The nal section of the article discusses limitations of the current study and suggests future directions.
III. Conceptual and Empirical Framework
The principal nding that we seek to examine is not controversial: regulations that limit smoking are associated with a decreased demand for health care and with changes in other smoking-related health and labor market outcomes. The focus of our analysis is on both the magnitude and the interpretation of the effect. In particular, we seek to determine the change in health care utilization generated by exogenous changes in smoking and the change in smoking generated by exogenous interventions.
To x our ideas, imagine there is an exogenous shock, such as a tax increase motivated by revenue concerns. In response to this shock, some smokers might continue to smoke but reduce their tobacco intake, while others might quit entirely. In each of these instances, evidence indicates a signi cant lowering of health care costs. The observed association between smoking changes and changes in health care utilization here would estimate the causal effect of smoking cessation on health care costs.
Imagine now the opposite extreme of a completely endogenous shock, such as a heart attack or a diagnosis of smoking-related illness, such as high blood pressure or emphysema. Here, we would expect to see a reduction in smoking due to the adverse health event and a corresponding increase in health care utilization. In this case, obviously, the causality runs in the other direction, and the observed association between smoking and health care use does not re ect the causal in uence of smoking cessation. Failure to control for this reverse causation in general will lead to an understatement of the effects of smoking cessation on health care costs.
A controlled experiment designed to test the hypothesis that smoking leads to increased health care costs could proceed in the following manner. Individual subjects would be selected at random and their health care and labor market practices observed. Measurements taken 36 Moore and Hughes would include health care variables such as smoking, physician visits, and hospitalizations. Labor market outcomes such as lost workdays, health insurance costs to employers, labor force participation, and hours of work would also be observed. Following these baseline observations, randomly selected individuals would be assigned to smoking/nonsmoking treatment groups. After stabilization of their respective smoking patterns and given enough time for smoking to exert an effect on health care use, the same health care and labor market practices would be measured postintervention for each group. Differences in health care use in the treatment group relative to the changes in health care use among nonsmoking controls would indicate a causal effect of smoking on the outcomes of interest.
To estimate the effects of regulations on health care, we could then hypothetically take the treatment group in the preceding experiment and assign a randomly selected portion to a more stringent regulatory environment, such as hazard information provision, bans on smoking at their places of work, or a tax on their tobacco consumption. Once again, changes in the patterns of health care use, smoking, and labor market performance in the treatment group, now relative to the smoking controls, would indicate causal effects of the regulations on the outcomes of interest.
Such an experiment is obviously not possible, for both ethical and economic reasons. The primary means for evaluating questions such as we pose here utilize nonexperimental data and attempt to control in various ways for the many confounding in uences noted above. Observed nonexperimental data represent a rather murky stew of both exogenous and endogenous smoking, regulation, and health care processes. Our task here is to separate the effects of the competing in uences on both smoking and on health care use.
To introduce the economic and statistical issues, we denote the expectation of health care expenditures by E[HC], and partition it into expenditures by those who have never smoked, N; former smokers, F; and current smokers, C; weighted by their respective probabilities of occurrence. Expected health care use is then equal to
E[HC] = P(N)E[HC|N] P(F)E[HC|F] P(C)E[HC|C]
(2.1)
Since the probabilities sum to one, we can rewrite equation (2.1) as
2)
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Differentiation of equation (2.2) yields an expression that partitions changes in health care into two components: those due to changes in the expected utilizations, conditional on smoking status, and those due to changes in smoking status, conditional on utilization. Since regulations will probably not affect the conditional expectations of health care expenditures, we ignore these former effects and focus our attention on the effects of changes in smoking status. Letting indicate change, we can write changes in health care due to changes in smoking status as
Thus, changes in health care expenditures due to changes in smoking status equal the sum of the relative costs of never and former smoking, weighted by the changes in the probabilities of never and former smoking status. Clearly, if the costs of never and/or former smoking are lower than current, anything that increases the likelihood of either, relative to current smoking, will decrease health care costs.
Regulations, R, will affect health care costs via their effects on smoking status. If we denote a regulatory intervention by R, then the effect on health care is given by the expression (2.4) In this framework, changes in health care costs due to regulatory interventions operate entirely through the effects of the regulations on smoking status. Estimation of the regulatory effect thus requires two pieces of information: (1) the relative health care cost differentials and (2) the effects of the intervention on smoking status. If estimates of either or both of these components are biased, then mistaken inferences about the regulatory effect are the likely result.
The most well-known estimates of the cost differentials are found in Manning et al. (1993) . We replicate these estimates below using more recent data from the National Health Interview Surveys and illustrate their use in constructing estimates of health care costs. We also illustrate how the classi cation of former smokers as recent versus long-term quitters affects these calculations.
Estimates of the effects of regulatory interventions on smoking participation are extensive. 4 Interventions studied include excise taxes, information policies, and bans on smoking in public places. 5 We also 38 Moore and Hughes present estimates below that replicate the main ndings in this literature to position ourselves for the subsequent analyses. Broadly speaking, the ndings in this literature are twofold: (1) smoking leads to higher health care costs and (2) regulations that raise the cost of smoking reduce smoking. Simply combining these two facts to compute an ad hoc estimate of the effects of the intervention on health care costs may not be valid for various reasons. 6 First, as noted above, the estimated cost differentials are potentially confounded by the endogenous nature of smoking. 7 The second source of bias in the policy experiment arises from mistaken inferences about the effects of the intervention on smoking status. Tax increases might lead to substitutions toward higher tar content generic cigarettes, with a reduction in the number of cigarettes smoked, which would tend to increase health problems. 8 Workplace smoking bans might lead smokers to congregate in poorly ventilated smoking areas or to smoke cigarettes more intensely both at work and at home, thus inhaling the higher concentrations of chemicals as the cigarette burns nearer to the lter. Alternatively, the regulatory stringency could re ect political economy effects, such as a higher ex ante prevalence of nonsmokers where smoking is banned, that are also related to individual smoking through peer group and social interaction effects. 9 Low taxes could also be correlated with other omitted regulations and also with aspects of the local environment, such as culture and labor market conditions. If these local characteristics also affect individual smoking, estimated tax elasticities that fail to take them into account are biased.
A third source of bias, which can arise even if the cost differentials and smoking participation effects are consistently estimated, results from a mismatch of effects, where those smokers who respond to the regulation are not the same smokers whose behavior is causing health problems. If an excise tax increase or a workplace smoking ban lead to a reduction in smoking primarily among light smokers, but heavy smokers are the ones with higher care costs, then the tax will have no effect on health care. In this case, we could actually have consistent estimates of both effects, but the inference reached by combining the effects would be invalid. 10 This problem arises due to a failure to incorporate the covariance of the coef cients into the exercise. The ad hoc policy experiment simply multiplies estimates of the coef cients from separate regressions. This technique is not correct, however, because for a tax-smoking coef cient
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and a smoking-health coef cient , the following is approximately true:
Thus, the product of estimated coef cients will over-or understate the true effect according to the sign of the covariance.
We address these problems in two distinct ways. First, to estimate the effects of regulations on smoking cessation, ( P(F)/ R), and of cessation on health care costs, E[HC|F] E[HC|C], we partition the former smokers in our 1991 NHIS sample into recent and long-term quitters and compare their health care costs to those of current smokers. Recent quitters will include a larger fraction of endogenous quitters or perhaps will exhibit more accurately health care use patterns that are more likely to re ect the effects of past smoking on health. Long-term quitters will include only those whose health care use has stabilized at a level more re ective of their no longer smoking. This partitioning will capture two in uences we seek to measure: that of smoking cessation independent of unobserved health shocks, and also the latency period between smoking cessation and the return to good health. When combined with estimates of the effects of regulations on quitting, these results provide information on the causal effect of the regulations on lifetime health care as they operate through smoking cessation.
Estimates of the effects of regulations on youth smoking and of youth smoking on health care use are not emphasized in our analysis, although we will comment on their role. Most of the health care implications for youthful smokers are long-term in nature, and our study focuses more on the short-term costs of morbidity considered by Manning et al. (1993) . However, our results can be used to help construct lifetime pro les of health care use and we provide some examples below.
Our second empirical approach estimates the reduced form of the model. While leaving the structural mechanisms by which regulations operate unspeci ed, reduced form estimates provide direct evidence about the question of whether smoking regulations affect health care costs. This approach circumvents many of the problems described above by relegating the structural effects to "black box" status. In particular, bias in estimates of the cost differentials, and also the mismatch problem, will not plague the reduced form estimates. On the other 40 Moore and Hughes hand, the potential biases in estimates of the regulatory effects due to omitted factors, such as other regulations, will remain.
IV. Empirical Results
Aggregate Data
To illustrate some of the issues described above, we rst examine data aggregated by state and year. Figure 2 .1 describes the broad trends in per capita smoking and in the real tax rate for the period 1960-1995. Each series is indexed to 1.0 for 1983. Smoking, which had risen steadily from [1945] [1946] [1947] [1948] [1949] [1950] [1951] [1952] [1953] [1954] [1955] [1956] [1957] [1958] [1959] [1960] , was relatively at from 1960 until it began a steady decline around 1980. Likewise, taxes were relatively stable, until the in ation of 1970-1980 eroded them signi cantly in real terms. The 1983 tax increase led to an increase in overall tax rates that has persisted, and increased by about another 10 percent, with further federal and state tax increases. While it is tempting to relate the recent decline in smoking to the tax increases, the experience in the 1970s indicates that there is more to the story. Table 2 .1 describes the aggregate data. A panel of state-level data for the years 1954-1988 was constructed for purposes of the aggregate analysis. Three models are estimated: a smoking-mortality model that corresponds to a health production function, a cigarette demand model, and a reduced form tax-mortality model. Total and smokingrelated mortality rates are used as dependent variables in the mortality regressions. Control variables include per capita income, two age mix variables, and state and year dummy variables.
As table 2.1 illustrates, average per capita consumption of cigarettes equals about 120 packs per year. Given smoking participation of about 30 percent on average over the sample period, this gure implies about one pack per day smoked by smokers. Nominal prices and excise tax rates vary widely across states. 11 As a rule, real prices and tax rates declined over the sample period, although there were some periods of increase, such as that due to the federal tax increase in 1983. Mortality in the smoking-related disease categories is substantial due to the fact that cardiovascular mortality represents such a large portion of overall mortality. Note that actual smoking-related mortality is a fraction of total mortality in the smoking-related categories. Relative risk for heart disease in smokers, for example, is about 3:1. With 30 percent of the The Health Care Consequences of Smoking 41 population smoking and cardiovascular mortality of about 400 deaths per 100,000 population, this ratio would imply about 750 deaths per 100,000 for cardiovascular disease (CVD) among smokers and 250 among nonsmokers. The rst half of table 2.2 presents estimates of the smoking and income coef cients from the structural versions of the health production model. In the ordinary least squares (OLS) estimates, mortality is regressed on per capita smoking and the control variables. The time dummies control for economywide effects such as underlying health trends, the issuance of the 1963 Surgeon General's Report that rst of cially linked smoking and cancer, the activity surrounding broadcast advertising in the late 1960s and early 1970s, and the federal tax increase of 1983. The state dummies control for time-invariant statespeci c effects that might be correlated with both tax rates and mortality. In the two stage least squares (2SLS) estimates, smoking is treated as endogenous, and the excise tax rate is used as the identifying instrumental variable.
The OLS estimates in column 1 imply that an increase in aggregate smoking of two packs per capita per year will increase mortality in the short run by almost one death per 100,000, or about 2,500 deaths nationally. If all this aggregate increase were due to greater smoking participation at a level of one pack per day, an aggregate increase of two packs per year would be generated by fty additional smokers per 100,000 population.
It was argued above that reverse causation is an important issue in estimating the effects of smoking on health and health care use when using nonexperimental data, and that failure to control for this reverse causation can lead to an understatement of the estimated health effects. We can control for the reverse causation by estimating the production model using two stage least squares. The two stage estimates indicate that the nonrandom nature of smoking leads to a substantial understatement of its effect on mortality. According to the 2SLS results, the two pack per day increase in aggregate smoking described above will increase the mortality rate by 1.6 per year, or 4,000 deaths nationally. 12 The second half of table 2.2 presents estimates of cigarette demand equations and of mortality-tax models similar to those estimated by Cook and Tauchen (1982) and Moore (1996) . As the table indicates, tax changes lead to signi cant declines in aggregate smoking. The estimated tax-smoking elasticity equals about 0.4 at the sample means, which is consistent with the majority of evidence reported in the literature (see
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Chaloupka and Warner 2000). If we were to perform the policy experiment described above using these estimates and those in the rst half of the table, we would conclude that the tax-mortality effect is the product of the tax-smoking and smoking-mortality coef cients, or about 0.5 (1.266 0.387). These are about one-third smaller than the two stage estimates, which control for the endogeneity of smoking.
We can also estimate the mortality effects of taxes directly via the reduced form of the model, i.e., by eliminating the smoking variable and regressing mortality directly on the tax rate. In the second half of table 2.2, these results indicate that tax increases lead to signi cant short-run declines in overall mortality in the reduced form. 13 According to the estimates for total mortality, a 10 percent increase in the tobacco excise tax will lead to slightly less than one-half of 1 percent reduction in overall mortality.
The results in the second half of table 2.2 present some evidence about the validity of the instrumental variables estimates. The cigarette 44 Moore and Hughes tax is a powerful omitted variable with which to estimate the smoking effect in the structural model. Whether it meets the more subtle requirements of admissibility as an instrument is a more dif cult question. Angrist et al. (1996) 14 As a nal note, cigarette taxes have been used primarily as a revenue-generating device, so we would not expect them to be related directly to mortality rates. Moore (1996) provides statistical evidence that the tax rate is not directly related to the health variables but rather operates through the smoking variable. 15 Recall that the two principal facts to be examined have to do with the effects of smoking on health care and of regulations on smoking. The aggregate regression results indicate that reverse causation may plague estimates of smoking-mortality models. The results in tables 2.3 to 2.5 further con rm this suspicion. compare mortality ratios for current and former smokers are presented, with and without controls for preexisting health conditions. In the Hammond and Horn (1958) studies, for example, the effects of endogenous quitting are readily apparent. Among smokers of less than one pack per day, CHD mortality is higher among recent quitters than current smokers. Among heavier smokers, the excess mortality among recent quitters is even more substantial. It is interesting to note that, in this study, former smokers eventually return to CHD mortality rates (after ten years) that are practically indistinguishable from those of people who have never smoked. In Hammond and Gar nkel (1969) , where only men free of diagnosed CHD are included, we see an immediate decline in mortality following quits. Likewise, in the American Cancer Society (ACS) fty-state study of 1.2 million males and females, the mortality ratios for light-smoking healthy males drop by about one-third almost immediately after quitting, while mortality for all male smokers (not shown), including those with health problems, is 50 to 100 percent higher than for current smokers, depending on amount smoked. Mortality ratios for females exhibit identical patterns for ve years following quitting. Table 2 .4 presents similar evidence for lung cancer mortality. Two results in table 2.4 are particularly striking. First, we see once again the effects of endogenous quitting because lung cancer mortality rates for recent quitters are consistently higher, often dramatically so, than for current smokers. Also, despite the long latency period for lung cancers, it is interesting to note that lung cancer mortality rates begin to fall below those of current smokers only three to ve years after quitting. In some cases, the decline is substantial. Table 2 .5 presents similar results for oral cancers. Once again, we see that mortality rates for recent quitters are higher than for current smokers, unless smokers who quit on their doctors orders are excluded. The consistent implication in these tables is that health is a fundamental determinant of smoking status. As such, it is incorrect to interpret observed associations between smoking and health as causal without additional controls, such as excluding unhealthy quitters in the epidemiological studies.
Epidemiological Evidence
The implications of these results for the welfare estimates should be clear. Epidemiological estimates of the effects of smoking on mortality and longevity in human subjects are typically not based on random assignment to smoking levels. When we control for this nonrandom assignment, continued smoking increases mortality, and therefore reduces longevity, by more than previously believed. One implication is that, because reduced longevity results in a transfer of pension wealth that compensates nonsmokers for the excess health care costs of smokers, the amount of this transfer is understated and the external costs of smoking are overstated when smoking is treated as exogenously determined.
Manning et al. Replication
In this section, we introduce the microdata used for the remainder of the study and present a replication of the results of Manning et al. (1993) . Table 2 .6 de nes the variables, which are drawn from the 1991 and 1993 National Health Interview Surveys. Personal demographic characteristics do not differ appreciably across smoking categories. Signi cant differences are observed for education, where those who have never smoked and former smokers are more than twice as likely to have nished college, and only one-quarter less likely to have dropped out of high school. The same is true for income, where smokers are much less likely to be in the highest income bracket of $50,000 a year or more. Those who have never smoked are more likely to be single than are current smokers, while current smokers are twice as likely to be divorced or separated. Former smokers are more likely to be married than are current smokers and those who have never smoked and less likely to be single. The three groups do not
The Health Care Consequences of Smoking 51 differ on average body mass or family size. There is a slightly larger fraction of former smokers and those who have never smoked working in the public sector. The next set of estimates examines the self-assessed health and the health practices of the three groups. The majority of sample members in all groups rate their own health as good to excellent. There is a tendency for those who have never smoked to rate their health more highly: 37 percent report being in excellent health, compared to 29 percent for current smokers and 32 percent for former smokers. Very few sample members report their health as fair or poor, but fair or poor health is less likely among those who have never smoked.
Seatbelt use is often used as a proxy for health attitudes: the more concerned one is about longevity and health, the more likely that person is to use a seatbelt. To the extent these attitudes are also correlated with smoking status as well, the results in table 2.7 suggest that seatbelt use approximates attitudes as it should: roughly 14 percent more of those who have never smoked and former smokers always use their seatbelts compared to current smokers. Finally, there are interesting differences among the smoking categories in terms of their health insurance coverage. Among those with private insurance, former smokers are about 15 percent more likely and those who have never smoked
The Health Care Consequences of Smoking 53 10 percent more likely to be covered than are current smokers. This nding could re ect differences in risk attitudes or perhaps incentives provided to curtail smoking by insurance policies. Table 2 .8 provides further details on the characteristics of smokers, former smokers, and those who have never smoked. About 50 percent of the sample have never smoked. Males are about 5 percent more likely to smoke than females, and blacks are about 4 percent less likely to smoke than whites. Older people are more likely to smoke than are younger, as indicated by the declining percentage of those of either gender in older cohorts who have never smoked.
Education differences in smoking prevalence are particularly striking. High school dropouts are much less likely to have never smoked, while those who have some schooling beyond high school and/or college are more likely to have never smoked or, if they did smoke at one time, are more likely to have subsequently quit. Much has been written about the connection between schooling and smoking. Does the observed negative correlation re ect a causal in uence of education on smoking, where more educated individuals are better able to process health risk information, or does it re ect sorting by rate of time preference, where increased investment in education and aversion to smoking both re ect a greater weight placed on the future? 16 Table 2.9 replicates the results of Manning et al. (1993) using pooled data from the 1991 and 1993 National Health Interview Surveys. As in 56 Moore and Hughes Manning et al., we are studying four health care outcomes: doctor visits, hospitalizations, days in the hospital, and lost workdays. We decompose these results on three additional dimensions: estimates are presented in table 2.9 for "short form" (i.e., with controls for age, gender, race, and year only), and "long-form" models (with additional controls for potentially endogenous variables, such as seatbelt use, body mass, insurance coverage, education, etc., that might be correlated with both smoking status and health care use). We also split our sample between workers and nonworkers. Finally, tables 2.10 to 2.13 present estimates of age-speci c estimates of the long-and short-form models.
Our results are quite consistent with those of Manning et al. The health care costs of current and former smoking in table 2.9 are signi cantly higher than those of people who have never smoked. In the case of hospitalizations, the excess is on the order of 25 percent for
The Health Care Consequences of Smoking 57 workers and 25 to 55 percent for nonworkers. Note that the inclusion of the additional control variables makes a difference only in the nonworker sample, and only for the current smoker effect. Note also that the current and former smoker effects are similar in magnitude. Hospital days similarly show strong associations between smoking status and utilization. Here, however, nonworking former smokers spend signi cantly more days in the hospital, while the opposite holds true among workers. Doctor visits are typically greater for former smokers than current. This nding re ects an underlying problem with the doctor visit variable: because many smokers will see the doctor or quit smoking on doctor's orders, some portion of the observed relationship will re ect causation in the opposite direction. Lost workdays are also signi cantly higher among smoking workers. In both the long-
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and short-form models, current smokers miss work more often than former smokers and those who have never smoked. There is little evidence in the table 2.9 results that inclusion of the additional control variables affects the estimated smoking coef cients. This nding allays concerns about endogeneity due to omitted variables to some extent. If the included proxies for health attitudes and time preferences, such as seatbelt use and education, do not alter the estimated smoking effects, it is less likely that residual unobservables will be a problem. Reverse causation remains a problem, however, even though the former smoking coef cients in table 2.9 are typically lower than the current smoking estimates. In particular, the former smoking coef cients include the health care use of recent quitters with health problems, who are more like current smokers, and the health 60 Moore and Hughes Long-form models include short-form variables, plus controls for private and/or public insurance coverage, seatbelt use, body mass, education, income, region, marital status, and family size.
care use of long-term quitters, who are more like those who have never smoked. Separation of these estimates will be discussed below. This replication presents preliminary evidence on two components of the regulatory effects model given by equation (2.4) . Current smokers have higher health care costs than those who have never smoked, particularly among older cohorts. The health care costs of former smokers appear to be similar in magnitude to those of current smokers based on these preliminary results. These cost differentials can be used to construct estimates of the health care cost differences in equation (2.4) . However, some of the costs of former smokers might be more correctly attributed to current smoking if we wish to estimate the long-run consequences of smoking cessation and of regulations that induce smokers to quit.
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Smoking Status Models
The second set of components of the regulatory effects model are the smoking status-regulation estimates. Table 2 .14 presents estimates of probit models of never having smoked and former smoking that provide estimated excise tax effects. The never having smoked model is rst estimated on the entire pooled 1991/1993 NHIS sample. This estimation is obviously misspeci ed because the never smoking decision is almost exclusively made before age 25. However, we present the pooled results as a reference point. The former smoker probit is estimated conditional on ever smoking. 17 Table 2 .14 presents complete results for pooled long-and short-form never having smoked and former smoking models. In the short form, cigarette taxes have a small, statistically signi cant effect on never 62 Moore and Hughes Long-form models include short-form variables, plus controls for private and/or public insurance coverage, seatbelt use, body mass, education, income, region, marital status, and family size. smoking. While suggestive, the fact that this effect is observed over all ages suggests the possibility that the state tax rates are correlated with other variables that affect smoking across all age groups. Males are less likely to have never smoked than are females, and blacks more likely than whites. The pattern of age coef cients is broadly consistent with earlier research: smoking is much more likely among older people. In the long form, the cigarette tax effect becomes statistically insigni cant. This nding likely re ects the inclusion of the region dummy variables. Other effects of note are those of education, where we see that the less educated are more likely to smoke. Seatbelt users are about 10 percent less likely ever to smoke, as are individuals with private health insurance coverage. Income effects are largely 64 Moore and Hughes insigni cant. Family composition, on the other hand, is an important predictor of never-smoking status: each additional family member is associated with a 1.5 percent greater likelihood of never smoking, and single people are 5 percent less likely to have never smoked than their married counterparts. Former smokers exhibit similar patterns. The cigarette tax matters only statistically in the short form. Former smokers are more likely in older cohorts. Because males are more likely to smoke and blacks are less likely, it seems reasonable to expect also that males would be more likely to quit and blacks less likely, conditional on ever smoking. The results in table 2.14 support this expectation. The additional control variables exhibit statistically signi cant positive associations between education and smoking cessation. Likewise, seatbelt users are more likely to quit, as are those with private health coverage. Quitters are concentrated in the higher income brackets and also among the married.
Taken at face value, these coef cient estimates could be used to complete the policy experiment described in equation (2.4) ; that is, we could combine estimates of the effects of smoking status on health care use from table 2.9 with estimates of the effects of cigarette taxes on smoking status from table 2.14 to estimate the effects of taxes on health care. Ideally, we would have age-speci c estimated effects. The age-speci c smoking-health care effects could be discounted to present values, combined with the age-speci c tax effects, and summed to arrive at an estimate of the lifetime effects of taxes on health care costs. 18 As an example of the kinds of problems that arise in using these estimates to compute regulatory effects, suppose we use the results in tables 2.9 and 2.14 to estimate the effect of a tax increase of $1 per pack on lifetime hospitalizations for nonworkers. The results in table 2.9 indicate that the former smokers' hospitalization rates are higher than those of current smokers, particularly in the long-form models. Thus, if we combine the short-form tax effects from table 2.14, which indicate that a tax increase of $1 per pack would increase quits by 20.7 percentage points, with those in table 2.9, which indicate a 34 percent higher utilization rate for nonworking former smokers, we would conclude that the tax increase would increase health care costs of hospitalizations by about 7 percent. 19 Clearly this is not the end of the story. Quitting smoking leads to health improvements that gradually approach those of people who have never smoked. The estimates in table 2.9 do not capture this effect, however, because the former smokers will include some recent smokers, many of whom have quit for smoking-related health reasons. Thus, it would be more correct to ascribe some of the observed hospitalizations among former smokers to smoking, with the residual used to compute the health care bene ts of smoking cessation. Tables 2.10 to 2.13 decompose the health care by current and former smoking estimates by age group. The cumulative and long-term nature of the health care consequences of smoking are indicated clearly in tables 2.10 to 2.13. With few exceptions, no signi cant relationship between smoking and health care utilization is found until age 36. Some signi cant coef cients among younger workers are observed in the short form for hospitalizations, hospital days, and doctor visits, but these are typically dissipated by the inclusion of the long-form variables, suggesting that the effects re ect correlated behaviors. It is interesting to note that the former smoking estimates are regularly larger than the current smoking effects among older workers. If smokingrelated health problems materialize relatively late in life, we would expect recent quitters, in particular, to have higher health care costs. This expectation is borne out in the estimates of tables 2.10 to 2.13. Table 2 .15 presents age-speci c tax estimates. There is little evidence that taxes affect the never having smoked and former smoking decisions of the young in table 2.15. The most consistent evidence of any regulatory effect appears in the short-form results for the quit equation. The estimates reported there suggest that a $1 increase in the tax would have a considerable effect on the quit decision. For the 26-to 30-year-olds, the estimated coef cient is .30. At the mean tax rate in the data of 33 cents per pack, this coef cient implies a quit/tax elasticity of about .67, which is not unreasonable.
As was the case earlier, we could combine the estimated age-speci c smoking-health care effects presented here with the age-speci c taxsmoking estimates in the ad hoc policy experiment. In this case, we could also, in principle, construct an arti cial age-costs pro le and estimate the lifetime health care effects of smoking status and the lifetime bene ts of regulations that alter smoking status. The problem of reverse causation once again manifests itself here, however, as we can see by inspecting the current and former smoking estimates for nonworkers. In particular, since former smokers' health care utilization is higher for nonworkers for each of the three outcomes considered, the inference would be that taxes would increase health care costs in this group of smokers by inducing a shift to the higher cost former smoking status.
What is needed is a way to discriminate between healthy and unhealthy quitters. A simple solution is available in the 1991 NHIS, which provides information on the length of time each former smoker has been a former smoker. We can thus construct relative health care utilization rates by duration of quit similar to the mortality tables presented earlier.
Our expectation that long-term quitters would have signi cantly lower costs than current smokers and recent quitters is strongly borne out by the data. Table 2 .16 presents a decomposition of health costs by smoking status for the 1991 NHIS, with former smokers now grouped into those who quit within the previous year or one to four years, ve to nine years, and 10 or more years ago. The rst four rows of the table present means for the health care outcome variables. Those who have never smoked have consistently lower utilization rates for each outcome. Interestingly, the most recent quitters have substantially higher
The Health Care Consequences of Smoking 67 rates than do the current smokers. After one year has elapsed, however, this ranking begins to reverse itself, often quickly and dramatically. The message of these results is that the estimated cost differences in equation (2.4) must take endogenous quitting into account. Table 2 .17 presents similar ndings, with controls added for the short-and long-form regression models. In each case, the most recent quitters have higher use rates than do current smokers. This rate begins to reverse itself almost immediately, to the point that long-term quitters' health care use patterns are often no different statistically from people who have never smoked. Recent quitters are thus more like current smokers. In estimating the cost differentials for equation (2.4) , it is therefore more accurate to include these costs with those of current smokers. This move will serve to increase both the estimated gains of smoking cessation and those of never smoking, relative to those implied by the earlier replication results. The results in table 2.18 for nonworkers are even more dramatic, although not unexpected. If the recent quitters' health care costs re ect health shocks, and the health 68 Moore and Hughes Long-form models include short-form variables, plus controls for private and/or public insurance coverage, seatbelt use, body mass, education, income, region, marital status, and family size. shocks are serious enough to cause the person to leave the labor market, the magnitudes of the recent quit effects should be greater than those for workers. The nal set of results in table 2.19 present estimates of the reduced form. Estimated tax effects by age group are provided there for both short-and long-form models of each of the four health care outcomes. In the short-form results, there are fairly strong and consistent results for hospitalizations of older workers. This result holds up somewhat in the long form, although the estimates are less precise. Given the nature of the exercise, however, where large samples are required to estimate small effects, this comparison is not surprising. Given the inclusion of the region dummies and the other variables in the long form, the estimated tax effects are very dif cult to estimate precisely. In the pooled long-form results, however, the point estimates indicate a one half of 1 percent reduction in the hospitalization rate for a 1 cent increase (in 1983 dollars) in the excise tax rate. At this rate, the 4-cent-per-pack tax increases of the early 1990s would result in cost savings of at most 2 percent, and most likely less, due to the effects of in ation.
V. Conclusions
This article sought to examine the sources of health care savings due to smoking-related regulations. While the focus of the empirical analysis was on taxes, any intervention that affects the full price of smoking, such as increases in the ex ante or ex post costs of product liability risk, increased insurance prices, public smoking bans, or increases in expected health costs due to information programs, will have qualitatively similar effects. When the endogenous nature of health care costs is taken into account, the costs of smoking rise considerably. From the perspective of smoking cessation, failure to control for reverse causation leads to an overstatement of the health care costs of former smokers and a corresponding understatement of the costs of current smoking.
In examining the effects of taxes on smoking status, we found mixed evidence. In some speci cations, the cigarette tax appears to reduce current smoking on both the initiation and quit margins. However, this result is sensitive to the inclusion of additional control variables. In particular, region effects seem to eliminate much of the state-level effects of taxes, which may re ect the presence of other smoking
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